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SUMMARY AND CONCLUSIONS 
The results presented indicate that the production of diacetyl 
in butter cultures and pure cultures of citric acid fermenting 
. streptococci can be greatly increased by growing the cultures 
under 30 pounds or more of air pressure per square inch, pro-
vided the cultures are agitated by aeration or stirring. This in-
crease frequently amounts to several hundred percent. In somc 
cases the yield of acetylmethylcarbinol was increased by aer-
ation under pressure, and in other cases it was not. Occasional-
ly, the increase was relatively large. 
Pressure without agitation was not effective in increasing the 
diketone content. The cultures under pressure must be agita-
ed by aeration or stirring in order to bring about an increased 
formation of diacetyl. 
Pressures exceeding 15 pounds per square inch were necessary 
for substantially increased yields of diacetyl. Although the 
highest yields of diacetyl were found in cultures ripened under 
60 pounds pressure, intermediate pressures produced satisfac-
torily large amounts and caused less difficulty in operation. 
It is probable that agitation under pressure changes the nor-
mal anaerobic dissimilation of citric acid by the citric acid fer-
menting streptococci rather than that the acid is more rapidly 
fermented. 
The effect of the high diacetyl content of butter cultures is to 
give a high flavor and aroma. Butter churned with such cultures 
uniformly possesses a high flavor and aroma. 
The results obtained in this investigation suggest new methods 
in butter making practice. High flavor cultures may benefit the 
dairy industry in either of two ways. Such cultures may aid in 
the production of butter with an unusually high flavor and 
aroma, or less culture may be used to obtain the same flavor and 
aroma as normal cultures impart to butter. 
Effect of Aeration Under Pressure 
On Diacetyl Production 
In Butter Cultures 
By 
C. R. BREWER, C. H. WERKMAN, M. B. MICHAELIAN AND B. W. HAMMER* 
The importance of diacetyl from the standpoint of the flavor 
of butter is evident from the work of various investigators. 
When butter culture is added to pasteurized cream and the mix-
ture held for a time before churning there may be some form-
ation of diacetyl during the holding, but as salted butter is or-
dinarily made, a considerable portion of the diacetyl in butter 
if:> contributed directly by the butter culture. Accordingly, the 
diacetyl content of butter culture is of great significance. 
In a butter culture the diacetyl is formed through the fer-
mentation of citric acid. A portion of the citric acid broken 
down is apparently changed to acetylmethylcarbinol, and some 
of this is then oxidized to diacetyl. The production of acetyl-
methylcarbinol and diacetyl in a butter culture can be conspic-
uously increased by adding citric acid to the milk used in making 
the culture. Analyses show that ordinarily only a relatively 
small percentage of the carbinol in a butter culture is changed 
to diacetyl. Some of it remains nnchanged for a time, and some 
ii{ reduced to 2,3-butylene glycol through the action of the or-
ganisms that produced the carbinol. Since neither acetylmethyl-
carbinol nor 2,3-butylene glycol is of value from the aroma 
standpoint, the oxidation of the carbinol to diacetyl is a desirable 
transformation. 
Studies at the Iowa Agricultural Experiment Station (4) show 
that the oxidation of acetylmethylcarbinol to diacetyl is not a 
direct chemical change but requires the action of the citric acid 
fermenting streptococci normally present in butter cultures 
(Streptococcus citrovot'tts and St1'eptococc~~s pamcitrovon~s). 
The oxidation of the carbinol in milk cultures of these organisms 
and also in butter cultures was increased by saturating the cul-
ture before ripening with oxygen and decreased by saturating 
'Project No. 451 of the Iowa Agricultura l Experiment Station. 
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with hydrogen, carbon dioxide or nitrogen. Virtanen and Tar-
nanen (6) and Virtanen (7) reported similar findings and re-
commended that cream be ripened under conditions as aerobic 
as possible. 
The use of oxygen to saturate large volumes of milk intended 
for butter culture is commercially impracticable. Since the 
solubility of a gas increases with pressure, a culture under pres-
sure will contain in solution a larger amount of the gases occur· 
ring above it than one ripening at atmospheric pressure. By this 
procedure the effectiveness of air in bringing about bacterial 
oxidations is greatly increased. On the basis of this principle 
attempts were made to increase the oxidation of acetylmethyl-
carbinol to diacetyl in butter cultures by the use of aeration 
under pressure. 
METHODS AND MATERIALS 
CHEMICAL METHODS 
Acetylmethylcarbinol plus diacetyl and diacetyl alone were de-
termined by the Lemoigne-van Niel dimethylglyoximate method 
as used by Michaelian and Hammer (3, 4). Results are recorded 
as milligrams of nickel dimethylglyoximate equivalent to acetyl-
methylcarbinol plus diacetyl or diacetyl per 200 grams of cul-
ture. Stahly and Werkman (5) showed that the nickel salt re-
covered represents only about 84 percent of the total acetyl-
methylcarbinol present. 
Volatile acids were estimated by the method used by Michael-
ian and Hammer (3). The values represent the milliliters of 
0.1 N sodium hydroxide required to neutralize the first liter of 
distillate obtained when 250 grams of culture are steam dis-
tilled after adding 15 milliliters of 1 N sulfuric acid and 250 
milliliters of distilled water. The procedure can be used for 
comparative purposes only since it does not determine the total 
volatile acid content. 
Numerous attempts to determine 2,3-butylene glycol in milk 
cultures by a modification of tl::te method of Brockmann and 
Werkman (1) were not entirely f'atisfactory because of the small 
quantities of glycol present and the small differences between 
cultures. 
CULTURES 
Pure milk cultures of S. pa1'acitrovon~s and butter cultures 
were used during the investigation. 
The pure cultures were inoculated into sterile skimmilk and 
allowed to grow over night at 21 0 C. The acidity was then ad-
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justed with either sterile citric acid or with sterile citric and 
sulfuric acids (in aqueous solution) to a pH between 3.8 and 
4.0, depending on the optimal acidities for the particular cul-
t.ures used. When citric was the sole acid, approximately 0.85 
percent was added. If both sulfuric and citric acids were used, 
0.2 percent citric was first added to the culture and then suffi-
cient sulfuric (usually about 0.3 percent) to give the desired 
pH. After the acid was added the cultures were ripened at 21 0 
C. 'rwo pure cultures, S9 and MU29, were employed. 
The butter cultures were usually prepared from pasteurized 
skimmilk by inoculating with 2 percent active butter culture and 
ripening at 21 0 C. In some cases whole milk was used to pre-
vent excessive foaming during aeration experiments. Six butter 
cultures, 232, 122F, 146, 15/ 3, D and H6, were used during the 
investigation. 
APPARATUS 
The pressure apparatus was designed especially for fermenta-
tion research. Two types of pressure vessels were used. 
The first unit consisted essentially of a cylindrical steel tank 8 
inches in diameter by 20 inches tall with a removable cast iron 
lid fastened by lug bolts (fig. 1). The tank was attached to a 
compressed air line carrying 70 pounds pressure per square 
inch. Needle valves controlled the quantity of air admitted to 
Fig. 1. Original pressure tank. 
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the vessel. The lid of the tank contained an adjustable auto-
matic pressure release valve. By changing the tension of springs 
in the valve, any desired pressure up to 70 pounds could be 
maintained. The valve also served as a safety device. A stream 
of air continuously flowed through the apparatus when in oper-
ation. During the course of the investigation two larger vessels 
were constructed (fig. 2 left). These tanks were similar in de-
sign to the first but differed in size and ease of operation. They 
were built from 12-inch diameter steel tubing and were 20 
inches tall. Plate-glass windows were included in the cast alumi-
num lids so that cultures could be observed while under pres-
sure. 
The cultures were ripened in sterilized bottles. Aeration was 
accomplished by passing air first through a sterile cotton-wool 
filter and then into the medium through a glass inlet tube which 
reached nearly to the bottom of the container. A cotton-plugged 
tube ending just below the stopper served as an outlet. 
Mechanical agitation was provided by removable stainless steel 
propellers, designed to thoroughly mix the medium and air. The 
mechanism is shown at the right of the tank in fig. 1 Power from 
an electric motor was transmitted through a packed pressure 
bearing to provide stirring under pressure at 200 r.p.m. The 
stirrers were sterilized by flaming just before use. All three 
Fig. 2. Three pressure tanks. The two at the left are the later design, the one at 
the right being the original. 
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vessels were kept in a water bath at approximately 210 C. 
Flasks containing control cultures were immersed in the water 
at atmospheric pressure. 
MANUFACTURE OF BUTTER 
The butter made in studying the effect of butter culture ripen-
ed under pressure with aeration, or with aeration and stirring, 
on the flavor of butter was prepared in the butter laboratory 
of the Dairy Industry Department under the direction of Dr. 
N. E. Fabricius. The usual methods were employed, the culture 
being added to pasteurized cream and the mixture held cold over 
night before churning. All the butter was salted. 
EXPERIMENTAL 
Part I deals with experiments carried out when only one pres-
sure vessel was available. Later, when two additional pressure 
tanks were obtained, more extensive investigations became pos-
sible. The different nature of the trials with the three pressure 
vessels makes advisable separate consideration of the data, and 
these are presented in Part II. Part III gives results obtained 
when butter culture prepared with aeration and stirring under 
pressure was used in the manufacture of butter on a semi-com-
mercial scale. 
PART I. INVESTIGATIONS USING ONLY ONE PRESSURE VESSEL. 
Investigations were carried out with pure cultures of S. para-
citrovon~s and with butter cultures. These were prepared for 
ripening, divided into 500 or 600 milliliter portions and placed 
in bottles. One bottle was fitted for aeration under pressure as 
described; two others were used as controls, one being placed 
under pressure (not aerated) whereas the other was held in the 
water bath at atmospheric pressure. 
Since saturation of cultures with oxygen has been shown to 
increase diacetyl concentration (4), attempts were made to de-
termine whether saturation with oxygen followed by holding 
under pressure would give further increases. In addition to the 
three portions prepared as described above, oxygen from a stor-
age cylinder was bubbled through two portions for 30 minutes 
and the tubes leading through the stopper of each bottle closed 
by clamps. One bottle was held as a control while the other was 
placed under pressure after loosening the clamps. 
Pressure was maintained for various periods and the cultures 
were then placed in a refrigerator and chilled to approximately 
50 C. to limit fermentation. Results of typical runs are given 
in table 1. 
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TABLE 1. EFFECT OF AIR UNDER PRESSURE AND SATURATION WITH OXYGEN 
ON PURE CULTURES OF STREPTOCOCCUS PARACITROVORUS AND 
BUTTER CULTURES. RIPE:-<ED UNDER 60 POUNDS 
AIR PRESSURE PER SQUARE INCH 
Unaerated Aerated Saturated with 0, 
Hrs. Pres- mg. nickel dimethyl- mg. nickel dimethyl- mg. nickel dimethyl-
Culture pres- sure glyoximate equiva- glyoximate equiva- glyoximate equiva-
sure lbs. lent to lent to lent to 
arne! +acz2 ac, arne + aCl! ac, arne +o.c2 ac, 
--------
MU29 24 0 99.5 11.5 66.5 19.5 
60 101.3 16.7 67.5 17.3 69.2 18.2 
S9 45 0 215.4 7 .0 310.8 11.6 
60 168.9 7.0 330.5 17 . 0 
6{)3 none none 
S9 48 0 67.1 2.8 87.9 7 . 0 
60 51.8 2.5 74.1 5.1 
6{)3 none none 
S9 23 0 204.3 8.4 
60 197.6 9.4 215.3 21.0 
BC'232 16 0 117.5 7.2 
60 116.0 7.2 132 . 9 14 . 6 
BC 122F 16 0 36.3 0.7 39.7 2.6 
60 38.7 2 .2 38.6 3.7 40.1 2.8 
BC 146 16 0 92.7 5.1 100.1 11.1 
60 95 .5 6.1 75 .6 10.1 88.4 6.7 
BC232 17 0 76.9 1.7 92.1 3.7 
60 82.0 3.5 131. 5 12.4 93.4 3.1 
BC232 17 0 95.0 2.0 146.2 7.8 103.6 3.8 
60 96.7 2.2 146.0 14.2 
BC 122F 15 0 82.8 3 . 4 101.7 5.6 
+ aS80cia tee 60 78.4 4.2 88.9 10.7 98.5 6.0 
BC232 17 0 85.0 1.8 106.3 5.9 
60 90.6 1.3 76.9 9.8 
BC 232 17 0 98.7 2.0 106.3 4.9 
60 95.7 4.4 90.5 10.0 
'amc = acetylmethylcarbinol; 2ac2 = diacetyl; 'No acid added to the culture; 
'BC = butter culture. 
When unaerated cultures were ripened under pressure no 
significant changes in either the acetylmethylcarbinol or the 
diacetyl content were found. Pressure appears to have little 
effect, either inhibitive or stimulative, on unaerated cultures. In 
cultures aerated under pressure, the carbinol yield was some-
times larger than in the controls and sometimes smaller. The 
diacetyl content of aerated-pressure cultures was often two or 
more times as great as in unaerated controls. Pressure without 
aeration did not result in yields of diacetyl significantly larger 
than in the controls at room pressure. Thus it !!-ppears that un-
less the medium is agitated by aeration, air under pressure is 
unable to penetrate deeply enough to be effective. 
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The cultures saturated with oxygen failed to give increased 
yields of diacetyl when ripened under pressure. In most cases, 
aeration under pressure produced larger amounts of diaeetyl 
than did saturation with oxygen, although the oxygen treated 
cultures did contain uniformly higher quantities of the com-
pound than normal controls. 
In the two trials in which an un acidified culture of S. para-
citrovorus (S9) was aerated under pressure, neither acetyl-
methylcarbinol nor diacetyl was found, whereas in a portion of 
the same culture acidified to pH 3.8, the usual production of 
these compounds occurred. 
In studying the effect of the aerated-pressure culture on the 
flavor of' butter the milk for the cultures was inoculated as usual 
and divided into 4.5 liter portions. One portion was aerated 
under 60 pounds pressure, the other served as a control. The 
ripened cultures were cooled and then added to divided lots of 
pasteurized sweet cream. After appropriate holding, the mix-
tures were churned. The unidentified butter was scored for 
flavor 3 days later by dairy products judges, with the results 
given in table 2. In the three comparisons made, the use of aer-
ated-pressure culture resulted in butter scoring 0.5 to 1 point 
higher than controls. The butter was held at about 0° C. for 
6 weeks to detect possible changes in flavor. The butter made 
with aerated-pressure culture maintained its superior flavor dur-
ing holding. No abnormalities in the holding qualities of the 
butter were noted. 
During the early work, 60 pounds pressure was used as a 
matter of convenience. It was found that the yields of diacetyl 
with aeration under this pressure were usually larger than under 
pure oxygen at atmospheric pressure. This increase may be at-
tributed to the greater effectiveness of continuous aeration. The 
TABLE 2. QUALITY OF BUTTER PRODUCED BY USE OF AERATED-
PRESSURE BUTTER CULTURES 
Unaerated Aerated 
Hrs. Pres-
Culture pres- sure mg. nickel dimethyl- mg. nickel dimethyl-
Bure lb •. glyoximate equiva- Score glyoximate equiva-
lent to lent to 
arne l + ac:r.2 ac, ame + aCt ac~ 
Score 
--
BC'232 21 0 107.7 4.9 93.0 
60 101.9 9.3 93 . 5 
BC232 22 0 85.6 0.6 92 .0 
60 162 .7 14.5 93 .0 
BC232 17 0 96.8 7.3 91.5 
60 165.7 21.4 92.5 
'arne = acetylmethylcarbinol; 'ac, = diacetyl; 'BC = butter culture. 
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fact that mere holding of cultures under pressure did not result 
in appreciable increases of the diketone supports this theory. 
In an attempt to find the optimal effective pressure, experi-
ments with different pressures were conducted. Since only one 
pressure tank was available, it was necessary to make compar-
ative runs on different days. 
The inaccuracies of such a procedure are shown by the fact 
that controls examined on successive days showed progressively 
lower contents of diacetyl. This may be considered to represent 
an equivalent decrease in the activity of the culture. The well-
known variability of milk cultures of the organisms used makes 
it unlikely that cultures would remain constant over a period of 
2 or more days. Since the data obtained are not entirely reliable, 
and since the experimental difficulties encountered were over-
come in later work by the use of additional equipment, specific 
results are not presented. 
Early in the investigation it was noted that aeration seemed 
to be necessary to make the pressure effective. Two explanations 
were considered: First, that the bubbling of air was necessary 
for intimate incorporation of the oxygen into the culture and 
second, that the bubbling served principally to agitate the 
medium so that the surface exposed to air under pressure would 
be larger. 
Comparisons of aeration and stirring under pressure indicated 
that mechanical agitation is of value in the action of pressure 
on butter cultures. Diacetyl yields were generally larger in the 
portions stirred under pressure than in unagitated controls. The 
results were somewhat variable, possibly because of the inade-
quate mixing provided by the small apparatus. The use of the 
larger equipment employed in later investigations resulted in 
relatively uniform data. These experiments are reported in 
Part II. 
In connection with the data presented, the cause of the in-
crease in acetylmethylcarbinol and diacetyl was studied. The 
Iowa Agricultural Experiment Station (2) reported that under 
certain conditions these two compounds are reduced to 2,3-
butylene glycol. Under pressure, the 2,3-butylene glycol-acetyl-
methylcarbinol-diacetyl equilibrium may be shifted toward the 
more highly oxidized products. If such is the case, the 2,3-
butylene glycol content of aerated-pressure cultures should be 
less than that of controls. 
Because of inadequate analytical methods reliable data on the 
glycol contents of cultures were not obtained. Blank determin-
ations on fresh milk (which supposedly contains no 2,3-butylene 
glycol) were so variable that the results with fermented milk, 
in many cases only slightly higher or even less than the blanks. 
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were of little value. The interference is probably due to natural-
ly occurring lactose and products formed from it through bac-
terial hydrolysis. The sugars are decomposed during the alka-
line steam distillation, giving compounds which, after periodate 
oxidation, fix bisulfite. 
It is permissible, however, to conclude from the small differ-
ences between unfermented milk and cultures, that little 2,3-
butylene glycol was formed under the conditions of the experi· 
ments. This conclusion is in accord with previous knowledge 
that aeration results in an increase of oxidized products of a 
fermentation. Also, it is known that high acidity and short 
growth period are not conducive to reduction of acetylmethyl-
carbinol to 2,3-butylene glycol. 
PART II. INVESTIGATIONS USING THREE PRESSURE VESSELS. 
When three pressure tanks became available it was possible 
to run one divided culture under identical conditions except for 
pressure, which could be varied at will. Since the new equip-
ment was also provided with larger stirrers for more complete 
agitation and with windows for observing the cultures while 
under pressure, it was possible to adjust rates of aeration more 
precisely. Air was bubbled through the cultures as rapidly as 
possible without causing excessive foaming. This rate of aer-
ation approximated 5 or 6 bubbles per second. 
The cultures were prepared as usual and measured asepti-
cally into sterile containers to be aerated or stirred. Two con-
trols at atmospheric pressure were used, one of which was aer-
ated, the other not. An aerated, a stirred and one unagitated 
culture were run at each pressure used, that is 15, 30 and 60 
pounds. Table 3 presents typical results of such experiments. 
An example of the variability of butter cultures may be seen 
in the low yields of acetylmethylcarbinol and diacetyl pro-
duced by butter culture 15/ 3 as compared with butter cul-
ture 232. A pressure of 15 pounds was little more effective than 
that of the atmosphere, but higher pressures gave substantially 
higher diacetyl yields. With the more effective stirring provid-
ed by larger equipment, yields of diacetyl in cultures stirred 
under considerable pressure usually exceeded those of aerated 
cultures. A possible explanation of this fact lies in the volatility 
of diacetyl. Aeration may remove appreciable quantities of 
volatile products. 
Further research was carried out with minor variations. Since 
control cultures held under different pressures did not 'vary 
significantly from the control held at atmospheric pressure, the 
former were no longer run. The only really valid cont.rol for 
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TABLE 3. EFFECT OF AERATION AND STIRRING AT DIFFERENT AIR PRES-
SURES ON BUTTER CULTURES. DURATION OF PRESSURE, 17 HOURS 
Unaerated Aerated Stirred 
Pres- mg. nickel dimethyl- mg. nickel dimethyl- mg. nickel dimethyl-
Culture sure glyoximate equiva- glyoximate equiva- glyoximate equiva-
lbs. lent to lent to lent to 
arnol + ac:2 ac, amc + ac; ac, arne + ac=-l aC2 =-
BC' 232 0 78.4 none 78.2 2.6 
15 78.2 0.3 86.4 3.1 84.2 4.7 
30 86.1 trace 86.4 5.2 75.6 5.8 
60 81.6 0 .8 69.7 4.8 78.2 7.4 
BC 232 0 74.8 nODe 55.7 2.5 
+ BC 15/3 15 59.8 0.5 26.8 2.9 
30 74.6 0.6 62.0 4.4 95.5 7.3 
60 72.3 0.6 60 .6 5.3 
BCD 0 79.6 2.3 84.2 3.9 
15 86.4 3.3 75.3 3.2 133.3 7.8 
30 86 .2 2 .3 78.5 3.7 74.2 7.1 
60 86.1 2.1 88.2 8.0 
BC 15/3 0 4.4 none 13.2 none 
15 6.6 nODe 21.8 0.1 24.0 trace 
30 5.3 none 26.4 3.2 26.9 1.0 
60 6.1 none 25 .8 2 .2 29.2 2.4 
BC232 0 62.0 0.9 72.3 4.3 
15 77.8 1.3 5.7 91.1 3.4 
30 81. 7 2.1 66.9 6.5 80.5 8.3 
60 83.2 2.3 56.8 5.5 64.4 7 .3 
BCD 0 103 .2 3.7 103.2 7.7 
15 99.5 2.9 86.6 7.0 84.6 5.2 
30 96.1 2.9 64.6 17.3 
60 96.9 2.9 43.6 5.7 69.8 10 .0 
'amc = acetylmethylcarbinol; 'ac, = diacetyl; 'BC = butter culture. 
aerated cultures is one aerated at atmospheric pressure. With-
out pressure, diacetyl values are uniformly higher in aerated 
(agitated) than in un agitated cultures. 
Table 4 presents additional experiments in which pH deter-
minations also were made. In general, the higher diacetyl and 
acetylmethylcarbinol values that resulted from aeration or stir-
ring were accompanied by higher pH values. This observation 
is in accord with the theory that the neutral flavor constituents 
of butter cultures' are formed from citric acid, thus decreasing 
the acidity. 
No stirred controls at atmospheric pressure had been run dur-
ing the early investigations. The results shown in table 5 indi-
cate that stirring at room pressure is not effective in oxidizing 
acetylmethylcarbinol to diacetyl. It seems safe to assume that 
stirred controls were unnecessary in other investigations. Table 
5 also further illustrates the increase in pH found. Volatile 
acids were determined in these cultures. Under the conditions, 
stirring gave higher volatile acid values than did aeration. The 
TABLE 4. EFFECT OF AERATION OR STIRRING AT DIFFERENT PRESSURES ON ACETYLMETHYLCARBINOL AND DIACETYL 
CONTENTS AND pH OF BUTTER CULTURES. DURATION OF PRESSURE, 17 HOURS 
~-
Unaerated Aerated Stirred 
Pres- mg. nickel di- mg. nickel di- mg. nickel di-
Culture Bure methylglyoximate pH methylglyoximate pH methylglyoximate pH 
lb •. equivalent to equivalent to equivalent to 
amel + 8022 ac. arne + ae: ac. ame + aC2 ac. 
BC'D 0 70.6 1.3 86 .3 3.8 
15 87.9 4.9 109.9 6.1 
30 94.6 6.5 121.3 9.0 
60 82.6 7.7 95.1 9 . 5 
BC232 0 115.6 1.8 4 .52 131.1 4.4 4.63 
15 143 .5 6.6 4 .60 165.1 9.1 4.62 
30 137.5 6.8 4.65 146.1 8.8 4.65 
60 112.0 8.3 4.62 143.2 14.3 4 .64 , 
BCH6 0 124.7 2 .8 4.47 133 .2 3.8 4.53 
15 120.6 4.8 4.50 164.8 8.8 4.55 
30 1M . 1 9.9 4.56 183.4 14.2 4.63 
60 130.0 10 . 1 4.59 158.8 17 . 6 4.61 
BC 146 0 94 . 2 1.3 4.44 125.1 4.7 4.57 
15 114.8 5 . 1 4.60 123.9 5.8 4.63 
30 135.2 9.0 4.65 140.7 11.8 4.60 
60 129.9 12.0 4 .65 147.1 12.5 4.65 
-
'amc = acetylmethylcarbinol; 'ac. = diacetyl; 'BC = butter culture. 
TABLE 5. EFFECT OF AERATION OR STIRRING AT DIFFERENT PRESSURES ON ACETYLMETHYLCARBINOL, DIACETYL AND 
VOLATILE ACID CONTENTS AND THE pH OF. BUTTER CULTURES. DURATION OF PRESSURE, 17 HOURS 
- - -
Unaerated Aerated Stirred 
---
Pres- mg. nickel di- mg. nickel di- mg. nickel di-
Culture .ure methylglyoximate pH Vol. methylglyoximate pH Vol. methylglyoximate pH Vol. 
lb •. equivalent to acid equivalent to acid equivalent to acid 
--------
arne l + 8C22 ac. ame + Be2- ac, ame + ae2 ac. 
---
------
BC'D 0 110.0 0.6 4.47 36.1 122.4 2 .7 4 . 55 34.7 120.2 0.6 4 . 50 37.8 
30 130.8 8.4 4.58 35.5 153.8 7 .4 4.59 36.7 
60 122.4 7.9 4 . 59 32.8 165.8 11.6 4.62 38 .9 
BC232 0 9'5.8 0.7 4.44 32.7 96.2 2.1 4 . 52 26.7 97.5 0.1 4.55 36.2 
30 84.0 4.6 4.53 25.9 138.5 6.5 4.57 38.4 
60 92.7 8.8 4 . 53 26.4 132.6 10.6 4.56 39.4 




TABLE 6. RELATIVE EFFECTS OF 30, 45 AND 60 POUNDS AIR PRESSURE ON 
ACETYLMETHYLCARBINOL AND DIACETYL CONTENTS 
OF AERATED OR STIRRED BUTTER CULTURES. 
Unaerated Aerated Stirred 
---
Pres- mg. nickel dimethyl- mg. nickel dimethyl- mg. nickel dimethyl-
Culture sure glyoximate equiva- glyoximate equiva- glyoximate equiva-
lbs. lent to lent to lent to 
----
ame t + RCZ2 ac, arne + scz ac, arne + acz ac, 
BC'D 0 96.3 1.8 85.4 4.1 
30 75.2 5.4 132 .7 8.4 
45 87.3 7.5 130.3 10.7 
60 86.2 7.7 131.2 13.4 
BC232 0 99.1 2.0 68.9 2.8 
30 107.9 8.2 140.0 8.0 
45 98.3 7.0 136.1 11.5 
60 94.0 8.5 118.1 11.1 
lamc = acetylmethylcarbinol; 'ac, = diacetyl; 'BC = butter culture. 
loss of volatile products by aeration mentioned above may ex-
plain the lower volatile acidity found with aeration. 
In most of the pressure experiments, the ineffectiveness of 15 
pounds pressure was noted. Almost invariably, a pressure of 
30 pounds was required to produce significant changes. 
Two experiments to determine the relative effectiveness of 30, 
45 and 60 pounds pressure are presented in table 6. The indi-
cations are that above 30 pounds little additional increase in 
diacetyl production occurs. In most of the pressure investiga-
tions, considerable increases in diacetyl were found at 30 pounds 
as compared with room pressure or 15 pounds. Although slight 
additional increases occur at pressures higher than 30 pounds, 
the additional diacetyl formed is not in proportion to the increas-
ed pressure. 
PART III. USE OF BUTTER CULTURE PREPARED WITH AER-
ATION AND STIRRING UNDER PRESSURE 
After the preliminary trials indicated that the higher diacetyl 
content of the aerated-pressure butter culture was reflected in 
the flavor of the butter, additional studies were carried out. The 
culture was prepared in a discarded, glass-lined pressure tank 
which was rebuilt for the purpose. An air line was fitted into 
the tank and so arranged that on opening a valve a number of 
fine streams of air passed into the ripening culture. Before en-
tering the culture the air was washed by bubbling it through a 
tank of water. The propeller which was originally in the tank 
was equipped with a motor so that it could be used to stir the 
culture constantly. A pressure gauge and an escape valve were 
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installed, which made it possible to ripen the culture under the 
pressure desired with a stream of air constantly entering and 
leaving the tank. 
In a number of trials butter was made with the aerated-pres-
sure culture and, for comparison, with culture prepared in the 
usual way; in each comparison cream from the same original lot 
was used. The milk and inoculating material for the two lots of 
culture to be compared came from the same original sources. 
As a rule 5 percent of either type of culture was added to the 
cream, but in a few trials 2 percent of the aerated-pressure cul-
ture was compared with 5 percent of the usual culture. Citric 
acid (0.15 percent) was regularly added to the milk used for 
both types of culture. Each churning consisted of about 50 
pounds of butter. 
The butter constituting each comparison was judged by a 
number of persons interested in butter. The variations in the 
scores given by the different judges were rather large and, ac-
cordingly, the detailed data are not presented. In general, it was 
agreed that the butter made with the aerated-pressure culture 
had a higher flavor than that made with the usual culture; com-
monly, this higher flavor, which definitely suggested diacctyl, 
was regarded as distinctly desirable, but one of the judges often 
noted that it was too conspicuous and gave the butter an artificial 
flavor. The differences between the two lots of butter in a com-
parison varied somewhat. In certain cases the lot made with 
the aerated-pressure culture was very evident while in other 
cases a more careful examination of the two samples was neces-
sary to select it. 
The higher flavor from the aerated-pressure culture was noted 
with both sweet and sour cream butter. With sour cream of 
poor quality the off flavors in the cream sometimes masked the 
desirable flavor of the culture to such an extent that it was im-
possible to recognize a difference in the effects of the two types 
of cultures. 
In three of the trials 5 percent of the regular culture was 
added to the cream and only 2 percent of the aerated-pressure 
culture; two churnings of sweet cream and one of sour cream 
were involved. With these percentages of culture, the butter 
made with the aerated-pressure culture regularly had the higher 
flavor, and the judge who objected to the high flavor when 5 per-
cent aerated culture was used, selected it as having a more de-
sirable flavor than the butter made with 5 percent regular cul-
ture. 
The trials indicate that the relatively high diacetyl content 
of the aerated-pressure culture is evident in the flavor of butter. 
This type of culture permits the development of a comparatively 
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high flavor in butter without adding unusual amounts of culture 
to the cream. If a high flavor is not desired it permits the de-
velopment of a mild culture flavor with the use of a relatively 
small amount of culture. It represents a type of culture having 
a comparatively high diacetyl content and can be employed 
either to increase the intensity of the flavor of butter or reduce 
the amount of culture employed. 
The flavor and aroma of aerated-pressure culture are more con-
spicuous than the flavor and aroma of the usual type of culture; 
apparently the high diacetyl content is a factor in this. The 
body is very weak because the agitation during the development 
of the acid prevents the formation of a firm curd which is neces-
sary for a normal body. 
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